Reproductive tracts were collected monthly over a 3-year period from 1,003 nonpregnant ponies at a slaughtering plant in Wisconsin. Ages of the animals were estimated from tooth replacement and wear. Ovaries were examined for follicular and luteal activity. There were no differences between left and right ovaries in size or occurrence of ovulation. The frequency of multiple ovulations, 10%, was higher than previously reported for ponies. The follicular changes during the ovulatory cycle did not support a two-wave theory of follicular growth. Ovarian activity changed seasonally, a finding similar to that reported previously in palpation studies of the pony. The ovulatory season appeared to be shorter, with fewer ponies ovulating throughout the year, than had previously been reported for horses. There were significant differences between animals of different ages in ovarian endpoints and in the proportion of mares that were ovulatory. The percentage of mares ovulatory during the fall was lower in the younger age groups (< 5 years) than in the older groups, indicating a shorter breeding season for young mares. Ovarian activity appeared to decrease after 15 years. Examination of luteal structures from prepubertal and pubertal fillies indicated that the onset of puberty occurred at 12 to 15 months of age.
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Introduction
There is considerable information on the characteristics of seasonal breeding in horse and pony mares (Ginther 1979a, b) . Some of the information on horses came from the examination of slaughterhouse data from a large number of animals (Arthur, 1958; Osborne, 1966) . However, either such slaughterhouse studies have not been conducted with ponies or data on ponies have been mixed with data on horses. It is becoming evident that there are differences in the reproductive characteristics of horse and pony breeds (Ginther, 1979b; Miller et al., 1980) . In addition, little is known about the effects of age on reproductive activity in the large farm species. Our purpose in the present project was to examine samples collected at a slaughterhouse for the influence of season and age on reproductive activity in the female pony and to further examine cyclic changes in ovarian structures during the breeding season.
Specific hypotheses about overall ovarian activity in pony mares were that: (1) ovulation occurs more frequently in the left ovary, as has been reported for horse mares (Ginther, 1979b) , and (2) the frequency of multiple ovulations in pony mares is minimal compared with that reported for horse mares (Ginther, 1979b) . Cyclic changes in ovarian structures during the ovulatory season were examined by estimating stage of the estrous cycle by the appearance of luteal structures, and the following hypotheses were tested: (1) there is a decrease in the number of large follicles during late estrus, as has been suggested by palpation data (Ginther, 1979b; Turner et al., 1979) ; (2) there are two waves of follicular growth during the ovulatory cycle (Evans and Irvine, 1975) , and (3)there are differences in follicular endpoints in relation to the time of year that may be attributed to tion and processing of samples. monthly differences in cyclic gonadotropin 119 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 1, 1981 patterns that have been previously reported (Turner et al., 1979) . Other hypotheses tested were that: (1) pony mares have distinct seasonal patterns in percentage ovulatory and in the nature of annual follicular profiles, as has been reported previously (Ginther 1979b; Turner et al., 1979) , and (2) there are effects of age on the overall reproductive activity in adult mares. Finally, since there has been only limited study of ovarian activity in prepubertal and pubertal horses or ponies, the following hypotheses were tested: (1) puberty in the filly occurs at approximately the same age as that reported for the male (Skinner and Bowen, 1968) , and (2) there are changes in ovarian structures which can be related to the changes in reproductive endocrinology that were reported by Ginther (1979, 1980a,c) .
Materials and Methods
Reproductive tracts, including the ovaries, oviducts, uterus and part of the cervix, were collected monthly over a 3-year period (August 1976 to June 1979) from 1,128 female ponies at a pony slaughtering plant in Milwaukee, Wisconsin. Origin and breeding of the ponies were unknown, but the animals generally were of Shetland and Welsh types and originated from the upper midwestern United States. Reproductive tracts were collected only from animals classified as being in good physical condition. Ages of the ponies were estimated by tooth replacement and wear by a combination of the methods described by Adams (1966) , Jones (1972) and Bradley (1977) . Additionally, to aid in the estimation of age of the very young ponies, tooth eruption and wear were monitored from birth to 18 months in two groups of foals of known age Ginther, 1979, 1980a,c) . Reproductive tracts were placed in 10% buffered formalin at the slaughterhouse to prevent collapse of the walls of ovarian follicles when the ovaries were sliced 8 to 24 hr hater.
One-hundred and twenty-five mares were pregnant, and results for these animals have been reported (Wesson and Ginther, 1980b) . Part of the data collected during the first year of the study, on the percentage of ovulatory mares (n = 307), have been reported previously by in conjunction with a study of seasonal pineal gland activity. Ovaries of the 1,003 nonpregnant animals were dissected free of oviduct, bursa and suspensory ligaments and were weighed and sectioned longitudinally in approximately 3-mm slices. Diameter and number of follicles greater than 2 mm and number of luteal structures were recorded. A mare was classified as ovulatory or reproductively active if she had (1) an active luteal structure -i.e., corpus hemorrhagicum (CH) or corpus luteum (CL)-or (2) a recent (yellow) corpus albicans (CA) along with a large, apparently preovulatory follicle. The mare was classified as anovulatory or reproductively inactive if there was no active-appearing luteal structure or if there was a recent CA without a large follicle. Ovulatory mares were further classified into one of five luteal stages according to the relative size, texture and color of the luteal body. The five stages were: (1) CH (relatively large, hemorrhagic and unformed structure), (2) developing CL (hemorrhagic, but with early peripheral luteinization), (3) mature CL (entirely or partly solid luteal tissue with fleshy pink coloration), (4) regressing CL (smaller than a mature CL, fleshy to yellow coloration) and (5) CA (small, regressed luteal structure with yellow coloration). If a luteal structure was intermediate in appearance between two classifications, it was given an intermediate classification (e.g., 3.5). The estimated portion of the estrous cycle represented by these luteal stages was: stage 1, within a day after ovulation or the last day of estrus; stages 1.5 to 3.5, diestrus and stages 4 and 5, estrus. The relationship between luteal stage and number and diameter of follicles collected from May through September was studied by analysis of variance (ANOVA). If ANOVA in this or the following analyses indicated significant effects, means were compared by Kramer's (1956) modification of Duncan's new multiple-range test for unequal sample sizes.
Because of the small monthly sample sizes, data for ponies less than 21 months of age were grouped into seasons (spring: March, April, May; summer: June, July, August; fall: September, October, November; winter: December, January, February) and examined by one-way ANOVA. A spring birth was assumed for all fillies since 23 of the 26 animals whose month of birth could be estimated appeared to have been born during that season. All fillies were classified into seven consecutive seasons corresponding to their approximate age.
Mares were classified as adult if there was evidence of past or current luteal activity. Data for adult mares were analyzed for month and age effects by a two-way ANOVA. The adult mares were classified according to estimated age into five groups: <2 years, 2.5 to 5 years, 6 to 10 years, 11 to 15 years and > 15 years. Age effects for percentage of mares ovulatory were analyzed by Friedman's Rank Test (Steel and Torrie, 1976) and by chi-square procedures (Steel and Torrie, 1960) . Chi-square analysis was also used for other proportional data.
Results and Discussion
Sample Size and Age Characteristics. The mean (+ SD) age of the 1,003 nonpregnant mares was 8.9 + 5.6 years, with a range of 4 months to 25 years. Sixty-nine ponies were classified as prepubertal (no evidence of luteal activity; age range, 4 to 21 months), and 934 were classified as adult. The sample sizes for age and month for adult mares are presented in table 1.
Overall Ovarian Activity. The mean (-+ SD)
paired ovarian weight of the 1,003 ponies was 45.3 + 30.5 g, with a range of 3.5 to 300.5 g, a finding consistent with that reported by Ginther (1979b) . Weights of the left and right ovaries did not differ significantly (left, 23.0 -+ 17.9 g; right, 22.3 + 17.4 g). On the basis of location and shape of CL, none of the ovulations occurred outside the ovarian fossa, a finding in agreement with the literature (Ginther, 1979b) . Active luteal structures were observed in 524 mares (56%). There was no significantdifference between left and right ovaries in the occurrence of ovulation as indicated by the presence of active luteal structures (left 47.6%; right 52.4%). Previous studies of ponies also found no difference between sides of the ovaries although numbers of mares examined were limited (Ginther et al., 1972; Satoh and Hoshi, 1933) . However, several studies of horse mares have shown a greater frequency of ovulation from the left ovary. In a review and summation of published data, Ginther (1979b) reported that 53.2% of 9,048 ovulations occurred from the left ovary; the mares were primarily horses. Perhaps the tendency toward inequality in the side of ovulation is greater in horses than in ponies.
There was no significant difference between left and right ovaries in the occurrence of ovulation by month. This is in contrast to results from one study of horse mares, in which significantly more ovulations were found to occur from the right ovary in September and December and from the left ovary in October and November (Butterfield and Matthews, 1979) . Seven ponies had large, gelatinous and hemorrhagic follicles during the July to December period (July, 1; August, 2; September, 1; October, 2; December, 1). These follicles appeared to be similar to those described as "autumn follicles" or "hemorrhagic follicles" (Ginther, 1979b) .
Multiple CL. Monthly occurrences of multiple CL (including CH) are reported in table 2. Overall, 10.0% of the reproductively active pony mares (n = 524) had multiple CL. Two CL were found in 8.7% of the mares, and three CL were present in 1.3%. The multiple CL occurred with equal frequency on the same (n = 24) and on opposite (n = 29) ovaries, a finding in agreement with that from a previous report on horse mares (Hughes et aL, 1972) . In two of the mares with two CL, one CL did not appear to be in contact with the ovulation fossa and therefore may not have resulted from an ovulation. In five of the seven mares with three CL, at least one of the CL also appeared to be anovulatory. Nevertheless, in all tracts at least one CL was in contact with the fossa.
Initial inspection of the monthly percentages suggested that most instances of multiple ovulation occurred from July through December; however, this was not supported statistically (chi-square analysis for month, P<.2). There is some discrepancy in the literature concerning the seasonal occurrence of multiple ovulations. Hughes et al. (1972) suggested a higher frequency during the spring, and Arthur (1958) suggested a higher frequency during the summer and early fall. Both reports were on horse mares, and neither was supported statistically. The 10% incidence of multiple CL reported here for ponies contrasts with incidences of 14, 18, 18, 27 and 43% from slaughterhouse studies primarily involving horses, and supports the conclusion (Ginther, 1979b ) that multiple ovulations are more common in horses than in ponies. The incidence of multiple CL in ponies in the present report is higher than those previously reported (2, 2 and 3% Ginther 1979b). Two of the three values reported for ponies were based on data collected by rectal palpation, and it appears that the incidences of multiple CL (4, 7, 12, 12, 24 and 26%) observed in palpation studies of horse mares are generally lower than those from the slaughterhouse reports cited above. A higher incidence would be expected from directobservation of sectioned ovaries. Additionally, multiple CL observed in slaughtethouse collections would include those that may have formed from anovulatory follicles and, therefore, the figures from those studies may be slightly inflated. Inspection of tile ovaries from mares with multiple CL suggested that the luteal structures were of approximately the same age in all but three tracts. In these three mares, the luteal structures were sufficiently different in color, size or texture to make us suspect that several days may have elapsed between their formation. Secondary ovulations have occurred with high frequency (11%) during diestrus in horse mares (Hughes et al., 1972) . However, such diestrus ovulations are reportedly rare in ponies (Ginther, 1979b) , which agrees with the present findings.
Follicular and Ovarian Changes during the Ovulatory Cycle. Changes in several follicular endpoints over the five luteal stages of the ovulatory cycle are plotted in figure 1. Data on adult mares that were classified as ovulatory and whose reproductive tracts were collected during the months with the highest percentage of animals ovulatory (May through September, figure 2) were used in the analysis (n = 362). Thus, the mares that were ovulatory during the transitional time of the year were deleted. Ovarian weight increased (P<.05) from a low when the luteal structure was a mature CL to a high when it became a CA. This would correspond approximately to the period from middiestrus through estrus. After reaching a maximum during late estrus, ovarian weight decreased (P<.05) following ovulation. The diameter of the largest follicle changed (P<.05) directly with ovarian weight and inversely with the diameter of luteal structures. There were no significant changes in the number of small follicles (2 to 10 mm) throughout the ovulatory cycle. The numbers of follicles 11 to 20 mm and > 20 mm increased (P<.05) starting in early diestrus (luteal stages 1.5 to 2.5), reaching a maximum at luteal stage 5 (late estrus). By the time a CH was present (stage 1), numbers of follicles in both the large and medium categories had decreased significantly by more than one follicle. A decline of one follicle would be expected because of ovulation; however, the number of follicles >20 mm decreased from 2.42 + .40 at luteal stage 5 to .30 • .07 at luteal stage 1. The number of follicles 11 to 20 mm decreased from 6.4 + 1.3 follicles to 3.0 + .7 during this time period. These results are consistent with Ginther's (1979b) palpation report that the number of large follicles (>20 mm) increased to a maximum approximately 4 days before ovulation and then declined by the day of ovulation. Additionally, the present data do not support the two-wave theory of follicular growth proposed by Evans and Irvine (1975) and discussed by Ginther (1979b) . There appeared to be a steady increase in the numbers of both large and medium follicles from middiestrus to the time when the preovulatory follicle was selected. However, more critical timing of the day of the estrous cycle than was possible in this experiment may be necessary for further testing of the hypotheses that there are two waves of follicular growth during the estrous cycle and that atresia of large nonovulatory follicles begins several days before ovulation.
In a further analysis of the data, mares were classified according to month of collection into early (May through June)and late (July through September) ovulatory season groups. There were no significant group effects or interactions of group and luteal stage for any of the ovarian endpoints previously discussed. In a palpation study of ponies, Turner et al. (1979) also found no effect on follicular endpoints during the early and late months of the ovulatory season. However, both luteinizing hormone(LH) and follicle stimulating hormone (FSH)showedamonth x day interaction within the ovulatory season (Turner et al., 1979) . These interactions appeared to be due mainly to greater postovulatory concentrations of both gonadotropins during the early months of the ovulatory season than during the later months. The reason for the discrepancy between the reported changes in the profiles of gonadotropin concentrations throughout the ovulatory season and the absence of discernible differences in follicular endpoints in the present experiment is not known.
Seasonal Effects -Adult Mares. Seasonal effects on ovarian activity in adult mares are shown in figure 2. There were no significant interactions between month and age for ovarian weight or for the follicular endpoints. (These effects will be discussed separately.) There was a seasonal pattern in the perceatage of mares ovulatory, similar to that described previously for ponies (Ginther, 1979a,b) . The percentage of ovulatory pony mares was low from January through April (10 to 16%), increased to 100% by June and remained high through September. Percentage ovulatory then declined from October through December. These results support the conclusion that the ovulatory season is shorter in pony mares than in horse mares and that smaller numbers of Develop/rig
Mature Regressing CA CH CL CL CL LUTEAL STAGE Figure 1 . Mean + SEM ovarian weight, diameter of the largest luteal structure, diameter of largest follicle and numbers of follicles 2 to 10 mm, 11 to 20 mm and >20 mm at various luteal stages in 362 ovulatory adult pony mares. Luteal stages 4 through 5 approximate the time of estrus in the ovulatory cycle and stages 1.5 through 3.5 correspond approximately to the diestrus period. Means on the same line with different superscripts are different (P<.05).
ponies than horses ovulate throughout the year (Ginther, 1979b) .
There were significant effects of month on paired ovarian weight, diameter of largest follicle and numbers of follicles 2 to 10 mm, 11 to 20 mm and > 20 millimeters. Fluctuations in paired ovarian weight and diameter of the largest follicle tended to be consistent with changes in percentage of mares ovulatory, and the patterns appeared to be similar to seasonal 100. ~0. 60. Monthly changes in percentage ovulatory and mean + SEM paired ovarian weight, diameter of largest follicle and number of follicles 2 to 10 ram, 11 to 20 mm and >20 mm in 934 adult pony mares. Monthly sample sizes are given in table 1. Means on the same line with different superscripts are different (P<.05). The line for percentage ovulatory represents the overall percentages for all age groups. Symbols for each estimatedage group indicate the percentage ovulatory for that month in that age group. patterns of follicular activity based on palpation studies with ponies (Ginther 1979b; Turner et al., 1979) . The number of medium-sized (11 to 20 mm) follicles appeared to change directly with ovarian weight and diameter of the largest follicle. The numbers of follicles in the 2 to 10 mm category appeared to change inversely with the numbers of large follicles (>20 mm).
The number of large foUides increased (P <.001) from January to a peak in April and then deereasr from May through July, after which there w~s another peak in August, followed by another decline. The first peak in the number* of large follicles could be attributed to the longer periods of estrus during the spring and the presence of large follicles for a prolonged period (Ginther, 1974; 1979b) . A similar peak in the number* of large follicles, based on data collected by rectal palpation, was reported by Turner et al. (1979) . An explanation for the second pe,k in the numbers of large follicles in August i, not as obvious; however, there is a suggestion of a similar pattern in the data presented by Turner et al. (1979) . In a further analysi~ of the present data, it appeared that the increar~ in follicle numbers in August was due to a greater (P<.05) number of large follicles during the fifth luteal stage (estrus). However, sample sizes during August differed between luteal stages, and further studies are needed to substantiate this observation.
Age Effects -Adults. An analysis of data for all adult mares showed an effect of age (P<.05) on paired ovarian weight and the numbers of follicles 2 to 10 mm and 11 to 20 mm (table 3) . Paired ovarian weight increased from < 2 years of age until middle age (6 to 15 years) and then tended to decrease. The numbers of follicles 2 to lOmm and 11 to 20 mm changed directly with changes in ovarian weight. In a comparison of the proportions of ovulatory mares within all months (table 1, figure 2), the Friedman Rank Test indicated an age effect (P<.05). Although these differences were not located statistically, inspection of the rank sums suggested that the percentages of mares ovulatory were higher in the 6-to 10-and 11-to 1S-year-old groups than in the ~2-, 2.5-to 5.0-and > 15-year age groups. Chi-square analysis of the year totals for the proportion ovulatory in the five age categories also indicated significant age effects. Percentage ovulatory declined (P<.05) earlier during the fall in the two youngest groups, suggesting that the breeding season may be shorter for young mares. Also, it appeared that percentage ovulatory was lowest in the >1S-year-old group from February through April; however, there were no statistical differences.
Results of the analyses reported above suggest a general increase in several reproductive endpoints between puberty and approximately 5 year, of age. These increases may be associated 
. o t~ e~
with an increase in reproductive efficiency. Values for several of the endpoints also appeared to decrease after 15 years of age, and this may also be associated with a change in reproductive efficiency; however, changes in the reproductive physiology of mares with age have not been critically examined. In one field survey, average fertility was found to fluctuate between 64 and 79% until age 7, to plateau from 81 to 89% until age 12 and then to decline (Hutton and Meacham, 1968) . Another field survey indicated a decline in fertility with increasing age for Thoroughbred mares (Laing and Leech, 1975 inspection, these ovaries were atrophied greatly (weight, mean + SEM, 19.9 • 1.9 g) and showed no evidence of follicular or luteal activity. The age at which reproductive activity decreases in the horse and pony deserves critical examination, In one very early study, Hellbanm (1935) reported that FSH concentrations increase in horse pituitaries with increasing age.
Ovarian Characteristics of Prepubertal and Pubertal Fillies. Ovarian characteristics of fillies from 4 to 21 months of age are depicted in figure 3 . Since relatively small numbers of fillies were sampled in any 1 month, the animals were grouped by seasons. If the seasons are taken in consecutive order, assuming a birth in the first spring, they correspond to age increments of 3 months. By the time the fillies were just over 1 year of age, during their second summer, over 80% of the pairs of ovaries exhibited evidence of luteal activity. By the second fall, when the fillies were approximately 1~ years old, ovaries from almost all the animals showed evidence of luteal activity. These results indicate that most of the female ponies reached puberty between 1 and 1 89 years of age. It appears that puberty in the fdly is timed to occur during the ovulatory season of adult mares. A luteal body was found in the ovaries of one filly during the first summer (5 months old), one filly during the first fall (9 months old) and one filly during the first winter (10 months old). In two of the three fillies, the luteal structures were obviously adjacent to the ovarian fossa, but it could not be determined whether ovulation had occurred. Although these luteal structures were found in fillies less than 10 months old, LH concentrations were reported to be low and constant from birth to 10 months of age in 18 pony fillies Ginther, 1979, 1980a) . Ovarian weight, diameter of the largest follicle and the number of follicles > 10 mm increased (P<.05) between the first winter and second spring, one season in advance of the increase in luteal activity. The number of small follicles did not change significantly. There is little published information on ovarian characteristics either before or during puberty in fillies. Ovarian data were not reported for young animals in other slaughterhouse studies of horses. The results of this project indicate that puberty usually occurs in fillies between 12 and 15 months of age, during their second full summer, a finding similar to that reported for pony stallions (Skinner and Bowen, 196.8) .
Additionally, these results were consistent with the data reported by Wesson and Ginther (1980c) on endocrine activity in pony fillies during and before the pubertal period. In that report, palpation data could not be obtained because of small physical size of the ponies. Nevertheless, gonadotropin and progesterone data, in conjunction with estrous activity data, indicated that most of the spring-born fillies ovulated during May and June of their second year.
